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The effect of both temperature and electrolyte concentration on the 
formation of porous layers in InP is explored. Pore width, porous 
layer thickness and porosity decrease with increasing temperature 
and show a minimum at intermediate KOH concentrations, 
increasing as concentration is either increased or decreased from 
that value. The variations in pore width and layer thickness are 
correlated: thinner pores appear to limit layer thickness, 
presumably by influencing mass transport throughout the porous 
network. A three step model of charge transfer at the 
semiconductor/electrolyte interface is used to explain these 
observations. 
 
 
INTRODUCTION 
 
Although the formation of porous silicon in HF has been long known,1-4 the discovery of 
visible luminescence from porous silicon 5 sparked the surge in research interest in the 
formation of porosity in other semiconductors. The list of semiconductors that can now 
be rendered porous electrochemically includes germanium,6-8 GaP,9-11 InP,12-18 GaAs,19-23 
GaN,24-26 and many others. A range of different pore morphologies can be obtained in 
these semiconductors by variation of electrolyte type and concentration,14,27 carrier 
concentration and substrate orientation,28,29 as well as the current density or potential 
used to form the porous structure.30 A number of theories have been proposed 2-4,31-34 to 
explain the plethora of pore morphologies that have been observed with various 
semiconductor/electrolyte combinations but, so far, no one theory has been able to 
explain all observations. 
     In our group, we have demonstrated the formation of porous InP in KOH electrolytes 
in the concentration range 1-10 mol dm-3.18,35 We have previously shown that pores 
emerge from pits in the electrode surface 36 and grow and branch along the <111>A 
crystallographic directions, forming tetrahedral porous domains.37 In this paper, InP is 
anodized in KOH concentrations ranging from 2.5 to 17 mol dm-3. The effect of 
temperature on porous InP formation will also be explored.  
 
EXPERIMENTAL 
     The working electrode consisted of polished (100)-oriented monocrystalline sulphur 
doped (n = 5 – 5.6 × 1018 cm-3) n-InP. An ohmic contact was made to the back of the InP 
electrode and the back and sides of the electrode were isolated electrically from the 
electrolyte by means of a suitable varnish. The electrode area was typically 0.2 cm2. The 
etch pit density of all samples used was less than 5 × 103 cm-2. Anodisation was carried 
out in aqueous KOH electrolytes at a range of concentrations and temperatures. A 
conventional three-electrode cell configuration was used employing a platinum counter 
electrode and a saturated calomel reference electrode (SCE) to which all potentials were 
referenced. Prior to immersion in the electrolyte, the working electrode was dipped in an 
etchant (3:1:1 H2SO4:H2O2:H2O) for 4 minutes and then rinsed in deionised water. All 
electrochemical experiments were carried out in the absence of light. The temperature 
was held constant by a thermostatic water bath connected to a water jacket cell in which 
the experiments were carried out. 
     A CH Instruments Model 650A Electrochemical Workstation was employed for cell 
parameter control and for data acquisition. Cleaved {011} cross-sections and the (100) 
surfaces were examined using a Hitachi S-4800 field-emission scanning electron 
microscope (SEM) operating at 5 kV. 
 
RESULTS AND DISCUSSION 
The Effect of Temperature on Porous Layer Formation 
     Anodisation of n-InP samples by linear potential sweep (LPS) was carried out at a 
range of temperatures in 9 mol dm-3 KOH at a scan rate of 2.5 mV s-1. At 10°C the linear 
sweep voltammogram (LSV) exhibits two current peaks, which will be referred to as P1 
(the peak which occurs at the lower potential) and P2 (the peak which occurs at the 
higher potential) hereafter. As the LPSs are performed at increasingly high temperatures, 
these two peaks occur closer together until eventually, at 40°C and above, only a single 
peak is observed.  
     SEM micrographs of InP electrodes which have undergone linear potential sweeps at 
various temperatures are shown in Fig. 2. Typical <111>A aligned pore growth 37 is seen 
on all samples. A plot of porous layer thickness against anodisation temperature as 
measured from SEM micrographs of the (011) cross section is shown in Fig. 3. The 
porous layer thickness decreases as the temperature is increased.  The trend of decreasing 
layer thickness with increasing temperature explains the shift from double peak to single 
peak in the LSVs in Fig. 1. As previously reported,28 P1 is associated with the merging of 
individual porous domains to form a continuous porous layer. For shallower porous 
layers, the merging of domains either coincides with, or occurs after, the beginning of the 
decay in current due to the cessation of porous layer etching. As a result, samples with 
shallower layers exhibit only one current peak. 
     The variation of pore width with anodisation temperature is also shown in Fig. 3. The 
average pore width decreases as the temperature is increased. The variation of pore width 
with temperature shows a very similar trend to that of layer thickness. This is shown 
more clearly in the inset of Fig. 3 which is a plot of layer thickness against pore width. 
This correlation indicates that whatever is responsible for the cessation of porous layer 
growth may also be related to the characteristic value of pore width. Significant oxide 
deposits are often observed within the pores of fully grown layers. It may be that the 
thinner pores are more susceptible to clogging by oxide precipitates and this causes 
growth for these pores to cease more quickly. 
 
Figure 1. LSVs of InP in 9 mol dm-3 KOH at varying temperatures. The temperature of 
anodisation varies from 50oC to 10oC from left to right. 
     
 
Figure 2. Cross-sectional SEM micrographs of the (011) plane of InP electrodes after an 
LPS in 9 mol dm-3 KOH as in Fig. 1. The temperature at which each porous layer was 
formed was (a) 30oC, (b) 20oC and (c) 10oC.  
 
    A plot of the porosity of a porous layer (calculated by comparing the expected etch 
depth for planar etching of InP from Faraday’s law to the porous layer thickness) against 
temperature is shown in Fig. 4. The porosity can be seen to generally decrease with 
increasing temperature in a similar manner to both pore width and layer thickness. The 
variation in porosity indicates that when the pore width decreased, the pore wall 
thickness did not decrease in proportion as temperature was varied; i.e. pore diameter 
decreased significantly with increasing temperature but pore wall thickness did not 
decrease as significantly over the same temperature range.  It is generally accepted that 
the region at the pore tip where etching can occur (and therefore the diameter of the 
pores) is set by a characteristic length scale which is determined by the depletion layer 
width of the material and the electric field at the pore tip4. Similarly, the thickness of the 
inter pore spacing (i.e. the pore walls) is determined by the depletion layer thickness2. 
The electric field at a pore tip is determined by the curvature of the pore tip4. Therefore, 
if there is no change in tip curvature, both the pore wall thickness and the pore diameter 
should be determined by the same characteristic length scale (i.e. the depletion layer 
width of the material). It follows that a change in pore width would be expected to be 
accompanied by a change in pore wall thickness, and little change in porosity should be 
observed. It is likely then that the characteristic length scale did not change and the 
increased pore width is a result of pore walls being etched to a greater extent at lower 
temperatures. 
 
 
Figure 3. Plot of both pore width and porous layer thickness against temperature for InP 
electrodes subjected to LPSs at different temperatures in 9 mol dm-3 KOH as in Fig. 1. 
The inset is a plot of pore width against layer thickness, with the linear trend-line 
highlighting the correlation between the two quantities as temperature is varied. 
 
The Effect of KOH Concentration on Porous Layer Formation 
     The formation of porous InP in KOH concentrations ranging from 2 to 10 mol dm−3 
has been reported previously.18,35 Figure 5 shows LSVs of InP samples anodized in KOH 
concentrations ranging from 2.5 to 17 mol dm-3 KOH. Both the current density at P2 and 
the potential at P1 decrease with increasing KOH concentration. For the samples anodized 
in 9 mol dm-3 or lower, the separation between P1 and P2 decreases as the concentration is 
increased. Above 9 mol dm-3 however, the separation between the peaks increases again.  
     SEM micrographs of some porous layers grown at different concentrations are shown 
in Fig. 6. All samples exhibited typical <111>A oriented pore growth. As with the 
variation of temperature, the variation of KOH concentration also affected both the pore 
width and the porous layer thickness. The variation in both of these porous layer 
properties is plotted in Fig. 7 and it can be seen that again, the pore width and the layer 
thickness are correlated. Both pore width and layer thickness show a minimum at 9 mol 
dm-3 KOH and increase as the concentration is either increased or decreased from this 
value. 
 
 
Figure 4. Plot of percentage porosity against temperature for the samples anodized at 
different temperatures as in Fig. 1.  
     The increase in separation between P1 and P2 seen for concentrations above 9 mol dm
-
3 can be explained by the increase in layer thickness above this concentration. As 
previously mentioned P1 is associated with discrete porous domains merging to form a 
complete porous layer across the entire electrode surface.28 The second peak occurs due 
to the cessation of porous layer growth. The separation between the peaks is therefore 
indicative of how long the porous layer continued growing after domain merging had 
occurred. Thus, the greater layer thicknesses seen above 9 mol dm-3 led to a greater 
separation between P1 and P2. 
     Both porous layer thickness and pore width decrease with increasing concentration 
between 2.5 mol dm-3 and 9 mol dm-3. Similar trends have been observed previously for 
InP in KOH 18,35 and for Si anodized in HF.38 However above 9 mol dm-3, Fig. 7 shows 
the opposite trend: both pore width and layer thickness increase with increasing 
concentration. 
     Figure 8 shows the variation of porosity with KOH concentration. The porosity 
decreases with increasing KOH concentration initially, but begins to increase again as the 
KOH concentration is increased further. This is the same trend that was seen for layer 
thickness and pore width in Fig. 7. The fact that porosity increases as the pore width 
increases, at concentrations above 9 mol dm-3, indicates that the increase in pore width is 
not being compensated for by a proportional increase in the pore wall thickness i.e. the 
pore width increase is due to the increased etching of pore walls and not due to a change 
in the characteristic length scale of the pore structure.  
 
Figure 5. LSVs of InP electrodes anodized in a range of KOH concentrations at 2.5 mV 
s-1 at 25oC. The concentration was varied from 2.5 mol dm-3 to 17 mol dm-3. 
 
 
 
Figure 6. A series of SEM micrographs of InP electrodes anodized in a range of KOH 
concentrations at 25oC. The concentration was varied from 2.5 mol dm-3 to 17 mol dm-3. 
 
Figure 7. Plot of layer thickness (-■-) and pore width (-●-) against KOH concentration 
for samples anodised by LPS at 2.5 mV s-1 at 25oC in different concentrations of KOH 
(as shown in Fig. 5).      
 
Origin of Pore Width Variation with Temperature and Concentration 
     Pore width variation with both temperature and concentration can be explained by 
consideration of a qualitative model of charge transfer between the semiconductor and 
the electrolyte. The basic features of the model are depicted in Fig. 9. In this model, the 
variation in pore width with both temperature and concentration is due to the varying rate 
of the electrochemical reaction at the pore tips at higher temperatures.39,40 Assuming that 
holes are supplied preferentially to a region of high curvature at a pore tip due to the 
enhanced electric field in that region,4 then there is a characteristic diameter for this pore 
tip; i.e. there exists a characteristic region at the pore tip where carriers can transfer 
across the depletion layer and etching can take place.2,4  If holes which arrive at the pore 
tip are instantly annihilated in an electrochemical reaction, this characteristic pore 
diameter would be observed. However if the holes have some time to diffuse laterally at 
the electrode-electrolyte interface before being removed electrochemically, the result 
would be less spatially confined etching i.e. wider pores. The measured value of pore 
width would then be dictated by a combination of the electric field distribution at the 
pore tip and the kinetics of the electrochemical reaction. At higher temperatures, the rate 
of the electrochemical reaction is expected to be higher and so the amount of time a hole 
has to diffuse at the interface is shorter. Consequently, the effective diffusion length is 
shorter, leading to more spatially confined etching. This effect may lead to the 
asymptotic approach to the characteristic pore diameter (defined by the electric field 
distribution) that is observed as temperature is increased.  
 
 
Figure 8. Plot of percentage porosity against KOH concentration for samples anodized by 
LPS at 2.5 mV s-1 at 25oC in different concentrations of KOH (as shown in Fig. 5). 
 
     The increase in porosity that was observed as temperature was decreased (see Fig. 4) 
is also consistent with this model. It was noted earlier that an increase in porosity 
accompanied by an increase in pore width indicates that this pore width increase is 
facilitated by further etching of the pore walls and not by a change in the characteristic 
length scale (depletion layer width) of the porous structure. This supports the idea that it 
is the increased effective diffusion length of holes at the pore tip which leads to wider 
pores at lower temperatures.   
     The decrease in pore width as KOH concentration is increased in the range of 2.5 - 9 
mol dm-3 can be explained by the same model used to explain the variation of pore width 
with temperature. As the electrolyte concentration is increased, holes which tunnel 
through the depletion layer at the pore tip may have less time to diffuse laterally at the 
interface before being removed electrochemically. This is attributed to an increase in the 
rate of reaction (rate of consumption of holes) as the concentration of KOH is increased. 
Thus, at higher KOH concentrations, etching is spatially confined and the average pore 
width decreases.  
     Above 9 mol dm-3 the pore width increases again. This increase suggests that the rate 
of the electrochemical reaction decreases above this concentration. Interestingly, reported 
values for the specific conductivity of KOH show that it reaches a maximum at 
approximately 7 mol dm-3 and decreases with increasing concentration after that.41 This 
suggests that a change in the structure of the electrolyte occurs at higher concentrations 
which may result in a decrease in the kinetics of the relevant electrochemical reaction as 
expected from the mechanism we have presented here. The variation in porosity with 
concentration, which was correlated with the changes in pore width, supports the idea 
that it is the increased etching of pore walls which leads to the observation of wider 
pores, i.e. the increased effective diffusion length of holes at the pore tip results in less 
spatially confined etching, such that the pore width increases without a change in the 
characteristic length scale of the pore structure.  
 
 
Figure 9. Schematic of the three-step charge transfer mechanism which argues that pore 
width is determined both by the rate of hole diffusion at the surface and the relative 
reactivity of the active species in solution. k1 represents the rate at which holes are 
supplied to the pore tip, k2 represents the characteristic diffusion rate of holes at the 
semiconductor/electrolyte interface and k3 represents the rate at which the active species 
in solution captures holes from (injects electrons into) the semiconductor. 
 
 
CONCLUSIONS 
 
In experiments in which porous layers were formed at different temperatures, the pore 
width decreased as the temperature at which the pores were formed increased. The 
decrease in pore width was correlated with a decrease in layer thickness, and a decrease 
in the porosity. The correlation between pore width and layer thickness suggested that 
mass transport may be the main factor limiting porous layer thickness.  
     As the concentration of the electrolyte was increased, the pore width decreased 
initially up to 9 mol dm-3, and then began to increase again above that. The change in 
behavior at 9 mol dm-3 may have been due to a change in the structure of the electrolyte 
at high concentrations. The variation of layer thickness was again correlated with the 
variation in both porosity and layer thickness.  
     A three-step model of charge transfer was used to explain the variation in pore width 
seen when temperature and concentration were varied. The model proposes that the pore 
width variations are a result of a variation in the rate of hole capture by the 
electrochemical reaction at different temperatures and concentrations. This results in 
different effective diffusion lengths for holes at the electrode-electrolyte interface in the 
vicinity of the pore tip leading to variations in the spatial extent of the reaction and 
hence, variations in the pore width.  
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